Nitrogenase-catalyzed ethane production and CO-sensitive hydrogen evolution from MoFe proteins having amino acid substitutions in an alpha-subunit FeMo cofactor-binding domain.
Unlike wild type, certain Mo-dependent nitrogenases, which are expressed in non-N2-fixing mutant strains of Azotobacter vinelandii and have single amino acid substitutions within a region of the MoFe protein alpha-subunit proposed to encompass an FeMo cofactor-binding domain, are able to catalyze the reduction of acetylene by both two and four electrons to yield ethylene and ethane, respectively (Scott, D. J., May, H. D., Newton, W. E., Brigle, K. E., and Dean, D. R. (1990) Nature 343, 188-190). Although the V-dependent nitrogenase is also able to catalyze the reduction of acetylene to the same two- and four-electron products (Dilworth, M. J., Eady, R. R., Robson, R. L., and Miller, R. W. (1987) Nature 327, 167-168), we find that ethane formation from acetylene catalyzed by the altered Mo-dependent nitrogenases occurs by a different mechanism, which is distinguished by: (i) an increased sensitivity to CO; (ii) the absence of a lag; and (iii) no temperature dependence of product distribution among ethylene and ethane during acetylene reduction. An altered MoFe protein, which was purified from one such mutant strain having the alpha-subunit glutaminyl 191 residue substituted by lysyl, exhibited both a changed S = 3/2 EPR spectrum and changes in the distribution of electrons to various products when compared to wild type. Also, unlike wild type, this altered MoFe protein catalyzed proton reduction that is inhibited by carbon monoxide (CO). Because proton reduction catalyzed by a nitrogenase that has a FeMo cofactor with citrate rather than homocitrate as its organic constituent (Liang, J., Madden, M., Shah, V. K., and Burris, R. H. (1990) Biochemistry 29, 8577-8581) is also inhibited by CO, the possibility arose that changes in the polypeptide environment of FeMo cofactor might have caused a rearrangement in its molecular structure or composition. However, this possibility was ruled out by biochemical reconstitution studies (using FeMo cofactor isolated from both the wild-type and altered MoFe proteins), which were monitored by EPR spectroscopy and resulting catalytic activity.